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ABSTRACT
The current study examined the incidence of non-response to a traditional 30:240 s sprint interval
training (SIT) protocol, as well as for 2 modified SIT protocols of 15:120 s, and 5:40 s over 4 wk
of training in 84 recreationally active males and females (52m, 32f). Pre- and post- testing
measures included: aerobic capacity (V̇O2max), aerobic performance (5-km time trial), and
anaerobic capacity (30 s sprint). Non-response was determined using 2x typical error for each
variable. Chi square analysis indicated a significant difference (P = 0.032) in the frequency of
non-responders for aerobic performance where the 30:240 group had significantly fewer nonresponders than both modified groups (30:240 – 30%, 15:120 – 59%, 5:40 – 65%). There was
also a significant difference (P = 0.037) in the frequency of non-responders for time to peak speed
where the 30:240 group had significantly more non-responders than both modified groups (30:240
– 87%, 15:120 – 52%, 5:40 – 65%). There was no significant difference (P > 0.095) for all other
measures (aerobic capacity: 30:240 – 36%, 15:120 – 61%, 5:40 – 59%; peak speed: 30:240 – 52%;
15:120 – 78%, 5:40 – 52%; average speed: 30:240 – 83%, 15:120 – 83%, 5:40 – 70%; minimum
speed: 30:240 – 91%, 15:120 – 87%, 5:40 – 78%). These results suggest that these SIT protocols
produce similar improvements to aerobic capacity, indicating that modified SIT protocols can be
a viable training method to improve cardiorespiratory fitness (CRF). However, when examining
more running performance-related variables, different SIT protocols can induce different
magnitudes of adaptation, as it appears SIT protocols with longer sprint and rest durations benefit
longer distance performance (i.e., 5 km), while those SIT protocols with shorter sprint and rest
durations benefit short distance performance (i.e., 30 s sprint).
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CHAPTER 1:
LITERATURE REVIEW
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Canada’s Physical Activity Guidelines
The new Canadian Physical Activity Guidelines recommend adults between the ages of
18–64 perform at least 150 min of moderate to vigorous intensity physical activity (MVPA) or 90
min of vigorous intensity physical activity (VPA) per wk (Tremblay et al. 2011) and was designed
to aid individuals in maintaining a healthy lifestyle (Warburton et al. 2010). Furthermore,
performing regular bouts of MVPA, in a moderate-intensity continuous training (MICT) paradigm,
provides a variety of health benefits such as improved maximal oxygen consumption (V̇O2max),
which is associated with major health implications. A 3.5 mLkg-1min-1 increase in V̇O2max is
associated with a 15% lower risk of all-cause mortality (Kodama et al. 2009). However, despite
knowing these benefits of regular exercise and the detriments of physical inactivity, individuals
world-wide fail to obtain sufficient levels of exercise (Hallal et al. 2012) and 85% of Canadians
(20-79 y) do not meet the guideline recommendations (Colley et al. 2011).
Barriers to Physical Activity
There are numerous potential barriers that have been identified to achieving the
recommended 150 min of exercise per wk.

These include demographic factors such as

socioeconomic status (Clark et al. 1999), psychological factors such as self-efficacy (Mitchell et
al. 1999; Oman et al. 1998), behavioural factors like being a smoker (Johnson et al. 1998; Ross
2000), and biological factors such as age and biological sex (Michels et al. 1998; Ruchlin et al.
1999; Taylor et al. 1999). However, the most commonly cited barrier is a perceived lack of time
(Trost et al. 2002). To overcome this barrier of perceived lack of time, researchers have looked
into more time effective exercise regimens. Interval training, which can be defined as periods of
intense exercise separated by passive/active recovery (Fox et al. 1973), has emerged as a potential
strategy.
11

Interval Training
High-intensity interval training (HIIT) involves repeated bouts of relatively intense
exercise (80-100% of maximal heart rate) separated by periods of low intensity exercise or rest
(Gibala et al. 2014; Weston et al. 2014). When performed at supramaximal intensities of greater
than 100% of one’s V̇O2max for a shorter duration (i.e., <30 s), interval exercise can be further
classified as sprint interval training (SIT) (Weston et al. 2014). Traditionally, SIT involves
repeated 30 s “all out” efforts interspersed with 4 min of rest or active recovery, for a total time
commitment of 14 to 23 min (Burgomaster et al. 2008; Gibala et al. 2006). When compared to
MICT, which typically has a time commitment of 30 to 60 min (Garber et al. 2011), the reduced
time commitment of SIT can be viewed as a time effective strategy (Table 1.1.).
Table 1.1. Summary of MICT vs. SIT (adapted from MacPherson et al. 2011)
Group Protocol
Training
Time Exercising Time at Rest Total Time
Intensity
(6 wk)
(6 wk)
(across 6 wk)
̇
MICT 30-60 min
~ 65% VO2max
13.5 h
0h
13.5 h
SIT
4-6 x 30 s
≥100% V̇O2max
0.75 h
6h
6.75 h
with 4 min rest
Note: MICT, moderate-intensity continuous training; SIT, sprint interval training; wk, week; min,
minute; V̇O2max, maximal oxygen consumption; h, hour.

When considering that “perceived lack of time” is the most commonly cited reason to why
individuals fail to achieve the recommended 150 min per wk of moderate to vigorous aerobic
exercise per week, the potential for SIT to be performed as a time effective training paradigm is of
great importance, especially when the physiological benefits are similar, if not greater, when
compared to MICT.

12

SIT Adaptations Similar to MICT
The traditional Wingate-style SIT protocol has demonstrated both muscular and
cardiovascular adaptations resulting in improved aerobic (Burgomaster et al. 2008; Gibala et al.
2006; Gillen et al. 2016; Hazell et al. 2010) and anaerobic capacity (Hazell et al. 2010; Willoughby
et al. 2016; Zelt et al. 2014). The increase in aerobic capacity is typically measured by V̇O2max
with SIT demonstrating increases of 4.2–13.4 % across 2 to 8 wk of training (Gist et al. 2014;
Sloth et al. 2013). Improvements to aerobic capacity, are generally linked to both central (increases
in maximal stroke volume, cardiac output, and blood volume) and peripheral (increased
capillarization, oxidative enzymes, and skeletal muscle mitochondria content through
mitochondrial biogenesis) adaptations (Bassett & Howley. 2000; Blomqvist & Saltin, 1983;
Holloszy & Coyle, 1984). When examining SIT specifically, these central adaptations are
inconclusive, with some studies demonstrating improvements (Matsuo et al. 2014), and others
showing no improvements (MacPherson et al. 2011). A larger body of research have demonstrated
peripheral adaptations (i.e., mitochondrial content) demonstrating comparable increases to MICT
after 2 wk (Gibala et al. 2006), 6 wk (Burgomaster et al. 2008; Shepherd et al. 2012; Scribbans et
al. 2014), and 12 wk (Gillen et al. 2016) of training. However, the mechanisms behind these
similar adaptations may be different, as some research suggests that the central adaptations such
as increased stroke volume and cardiac output seen only with MICT, while peripheral adaptations
such skeletal muscle arterial-venous oxygen difference were observed with SIT (MacPherson et
al. 2011). For a more in-depth analysis of these mechanisms, the reader is directed elsewhere
(Fiorenze et al. 2018; MacInnis & Gibala, 2017).
When compared to MICT, numerous studies have demonstrated both similar and superior
adaptations with HIIT/SIT across a variety of populations (healthy recreationally active, sedentary,
13

and unhealthy), despite a drastically reduced exercise duration and volume (Daussin et al. 2008;
Foster et al. 2015; Gibala et al. 2012; Helgerud et al. 2007; Weston et al. 2014). When examining
V̇O2max specifically, studies have found no differences between SIT and MICT with 6-12 wk of
training (Burgomaster et al. 2008; Gillen et al. 2016; MacPherson et al. 2011).Given the health
implications of V̇O2max and its effect on cardiorespiratory fitness (CRF) (as mentioned previously),
the time effective nature, and the comparable adaptations to MICT, the implications of SIT for a
sedentary population with a “lack of time” problem is promising.
Challenges to the “Real-World” Application of SIT
Researchers have suggested that due to its strenuous nature, SIT may be impractical for a
sedentary population, which already struggles to perform regular exercise (Biddle et al. 2015;
Hardcastle et al. 2014). These reasons generally relate to the intense nature of SIT, which is
thought to produce a high degree of negative affect resulting in avoidance of SIT, as well as
decreased enjoyment, which is a predictor of exercise adherence (Parfitt et al. 2009). It is also
argued that SIT may fail to be taken up due to low levels of motivation and confidence in
individuals who already fail to meet the current recommended amounts of exercise (Hardcastle et
al. 2014). This has led researchers to explore the potential of manipulating the traditional SIT
protocol in an attempt to improve an individual’s psychological perceptions of the exercise without
reducing the physiological benefits. However, when considering SIT for public health promotion,
more research is warranted into this debate of the practicality of SIT for a sedentary/general
population failing to complete the current recommended levels of daily physical activity.
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Modified SIT Protocols
To help improve upon the negative psychological perceptions experience with interval
training, researchers have modified both HIIT and SIT protocols in an attempt to maintain the
potent physiological adaptations, while simultaneously improving the psychological perceptions
that may be important to the overall exercise adherence. When examining those psychological
perceptions, recent research suggests reducing sprint durations from 30 s to 15 s or even 5 s
produces more favourable psychological perceptions such as affect and enjoyment when compared
to traditional SIT (Townsend et al. 2017) while maintaining many of the acute physiological
outcomes. However an individual’s perception of these manipulated SIT protocols after a 4 wk
training period demonstrated no difference in self-efficacy, perceived enjoyment, and intention
(McKie et al. 2018b) suggesting acute perceptions may change over time. When looking at the
physiological adaptations to SIT specifically, the traditional SIT protocol has been modified such
that the 30 s sprint duration has been reduced to 20 s (Gillen et al. 2016; Gillen et al. 2014), 15 s
(Islam et al. 2017; McKie et al. 2018; Yamagishi et al 2017, Zelt et al. 2014), 10 s (Hazell et al.
2010), and 5 s (McKie et al. 2018).
When comparing the adaptations to the traditional 30 s SIT in a recreationally active
population, the modified 15 s and 5 s protocols have shown similar improvements in aerobic
capacity (V̇O2max) and aerobic performance (5 km time trial). However, because these shorter
sprint durations are able to produce similar adaptations to longer durations, there must be a
mechanism outside of total work that is driving these adaptations. Some research suggests that
there may be differences between the specific mechanisms to adaptations depending on the
modified protocol used. A recent study comparing a MICT session (continuous 50 min cycling at
70% V̇O2max) to a modified SIT session involving 6 bouts of 20 s all-out efforts interspersed with
15

2 min of rest (2 min exercise; 12 min session ) as well as another modified SIT session involving
18 bouts of modified 5 s SIT interspersed with 30 s of rest (1.5 min work; 10 min session) found
a comparable increase to PGC-1α mRNA between MICT and 20 s SIT, which was significantly
greater than the increase seen with 5 s SIT (Fiorenza et al. 2018). The results of this study should
be interpreted with caution as the total time spent exercising in each of the modified SIT sessions
was not equal, however this preliminary evidence suggests that the regulation of mitochondrial
biogenesis may depend on the duration of the actual SIT bout. Therefore, the increases to V̇O2max
seen with various modified SIT protocols may be due to other mechanisms outside of
mitochondrial biogenesis, involving other important molecular pathways involving nuclear factor
erythroid 2-related factor 2, estrogen-related receptor gamma, and leucine-rich pentatricopeptide
repeat-containing protein (Islam et al. 2019). Another hypothesis is the repeated generation of
peak speed/power involved in the first 5 to 10 s of SIT, rather than the remaining 20 to 25 s of
attempting to maintain this power, drives the adaptation (Hazell et al. 2010). This appears logical
as it has been demonstrated that almost half of the work done when performing an “all-out” effort
occurs within the first 10 s (Bogdanis et al. 1996), and that as little as 4 s of repeated generation
of peak speed/power can stimulate the signalling pathways of skeletal muscle remodelling
(Serpiello et al. 2012). To test if the generation of peak power is driving the adaptations to SIT,
the 30 s traditional SIT was compared to modified 10 s SIT interspersed with 2 min of rest, and
modified 10 s SIT interspersed with 4 min of rest (Hazell et al. 2010). The results indicated that
both modified protocols were equally effective as the traditional protocol, demonstrating that the
peak power generation phase of SIT is likely driving the adaptations seen with SIT, as opposed to
the maintenance phase of SIT. Furthermore, no differences were seen between the two modified
protocols, indicating that the intersession recovery period is not a key factor.
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Since previous research has indicated that 10 s sprint bouts are effective in generating
desired adaptations, more recent research examined whether the repeated generation of peak
speed/power is sufficient for driving the adaptations of SIT by reducing the sprint duration to 5 s
(as this is the amount of time required to reach peak speed/power based off previous research).
When maintaining total exercise time and recovery (1:8 s), traditional 30 s SIT protocol as well as
a modified 15 s and 5 s SIT significantly increased V̇O2max by 5.5% (McKie et al. 2018). There
were no statistical differences in the increases in V̇O2max between the groups, though the magnitude
of change in the traditional 30 s SIT group was approximately 4.5 mL∙kg-1∙min-1 greater than the
modified SIT groups (8.7% compared to 3.8% and 4.3%).This has led to question of whether or
not the traditional 30 s SIT provides a more robust stimulus that more consistently induces
adaptations.
Non-Response of V̇O2max with MICT
Though there have been numerous research studies on the benefits of MICT, HIIT, and
SIT, the majority of published studies focus on group means, providing little information outside
of the mean and standard deviation about how the individuals making up the group respond. There
is increasing evidence that heterogeneity exists with how individual participants respond to
exercise, specifically when examining aerobic capacity/V̇O2max. A seminal examination of the
heterogeneity of the physiological adaptations to exercise was the HERITAGE Family Study
(Bouchard et al. 1999), which demonstrated a substantial heterogeneity in the changes in aerobic
capacity to 20 wk of aerobic training. The observed differences ranged from individuals having
an adverse response to the training (V̇O2max actually decreased after training), to individuals
increasing their V̇O2max greater than 1000 mL/min. By examining data from a total of 481
individuals from 98 two-generation families, researchers were able to discern that 47% of the
17

heterogeneity observed was due to a genetic/heritable component, after adjusting for age,
biological sex, and baseline characteristics such as body mass, body composition, and V̇O2max
(Bouchard et al. 1999). More recently, research has begun to focus on genome-wide exploration
in an attempt to determine the specific genes that may account for this genetic component, though
this research is still relatively novel (Bouchard et al. 2015; Bouchard et al. 2011). At the present,
roughly only half of the heterogeneity being observed in individuals performing MICT can be
explained by a genetic component, leaving other mechanisms to be determined. However, the
degree of heterogeneity in response to other forms of training, such as HIIT/SIT requires
exploration.
Classifying Non-Response
In order to evaluate individual responses, the terms “responder” and “non-responder” are
typically used (interchangeably) throughout the literature (Bouchard et al. 1999). A responder is
an individual who significantly increases/improves due to assigned training, whereas a nonresponder is an individual who does not significantly increase/improve due to the assigned
training. In some cases, non-responders have been further broken down into “adverse responders”,
in order to classify those individuals who negatively adapt (i.e., decrease/get worse) after training.
In order to classify individuals into these categories, researchers originally looked at an
individual’s raw improvement, and if the improvement was ≤ 0%, they were classified as a nonresponder (some studies also would classify individuals with a small magnitude of improvement
as a low-responder) (Bouchard et al. 1999; Bouchard et al. 2001; Hautala et al. 2006; Kohrt et al.
1991; Prud'homme et al. 1984; Sisson et al. 2009; Skinner et al. 2001). One study examined
individual response by using a fixed proportion of participants with the lowest magnitude of
training response and classifying them as “critically low-responders” (Vollaard et al. 2009). This
18

approach was taken in an attempt to demonstrate that an individual who does not respond in an
observed measure (i.e., V̇O2max) can still respond to another measure indicative of a positive
outcome (i.e., biochemical markers). However, a more precise method for categorizing individuals
as “non-responders” was deemed necessary (in order to address the issue of day-to-day biological
variability), which led researchers to begin to use coefficients of variation (CVs). These CVs were
calculated from previous literature for a desired outcome variable, by dividing the standard
deviation by the mean and multiplying by 100 (Scharhag-Rosenberger et al. 2012).
More recently, researchers have begun using typical error (TE) as a more reliable and
objective way to evaluate non-response, as it can account for biological error (like CVs) and
technical error for a given measure. Improving the classification of participant response’s through
the use of TE has allowed researchers to minimize the risk of incorrectly identifying a participant’s
response, as a change the is 2 x the TE away from 0 means there is a 12:1 probability that the
response observed is a true physiological adaptation. The determination of TE is typically done
by having participants perform multiple repeats of a test for a given measure (for example, a
V̇O2max test) to obtain the variance of the results from the repeated tests that are observed
(Bonafiglia et al. 2016; Gurd et al. 2016). Once the variance is obtained, TE can be calculated
using the follow equation: TE = SDdiff/√2, where the SDdiff is the variance observed between the
repeats of the tests (Hopkins 2000). Once the TE is calculated, one can classify an individual as a
non-responder if the physiological change observed is lower than 2x the TE. It is important that
these tests be performed on the same apparatus, as well as by the same researcher, in order to
eliminate any additional error due to the ability of the researcher and calibration/functioning of the
equipment (Hopkins 2000).
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Examining Non-Response to Aerobic Capacity in MICT and SIT
As mentioned earlier, heterogeneity exists when examining the adaptations to VO2max after
MICT. This has translated into interest for examining the heterogeneity with responses to SIT,
which has only begun to receive attention. When specifically examining the individual responses
to MICT, it has been shown that training adaptations to V̇O2max can range between -5 to +56%,
after 2 wk to 1 y of training (Table 1.2). Though there are methodological differences between
these studies, as well as differences in participants, all studies demonstrated heterogeneity in
adaptations to aerobic capacity to some degree following the corresponding training. Overall,
when performing MICT, there is an estimated non-response rate of 20 to 45% (Sisson et al. 2009).
Table 1.2. Examining the Group and Individual Response to MICT
Study Characteristics
Group V̇O2max Changes
Prud’homme et al. 1984

+5.5 mL∙kg-1∙min-1

V̇O2max Range of
Responses (degree of
response)
Raw Score 0 to 41%

Bouchard & Rankinen, 2001

+4.6 mL∙kg-1∙min-1

Raw Score 0 to 58%

Skinner et al. 2001

+5.4 mL∙kg-1∙min-1

Raw Score 16 to 20%

Hautala et al. 2006

+3.0 mL∙kg-1∙min-1

Raw Score -5 to 22%

Sisson et al. 2009

4 kcal: +.0638 mL∙kg-1∙min-1 Raw Score 19 to 45%
8 kcal: +1.460 mL∙kg-1∙min-1
12 kcal: +1.554 mL∙kg-1∙min-1

Vollaard et al. 2009

+6.2 mL∙kg-1∙min-1

Scharhag-Rosenberger et al. 2012

+0.36 L∙min-1

Methoda

Fixed
proportion
CVs

-2 to 30%
22%
(no range provided)

NOTES: a – method of Determination for non-response
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Table 1.3. Examining Non-Response with SIT
Study Characteristics
Group V̇O2max
Changes
Astorino & Schubert, 2014
+2.6
30 s intervals
200-300% Wmax
4-6x per day
3x per wk for 2 wk
Gurd et al. 2016

Method

Non-Response Rate

a

CVs

35% (7/20)

TE

-

Boyd et al. 2013
8-10, 1 min intervals
100% WRpeak
3x per wk for 3 wk

+9.4

0% (0/10)

-

Ma et al. 2013
8, 20 s intervals
170% WRpeak
4x per wk for 4 wk

+7.5

0% (0/8)

-

Scribbans et al. 2014a
8, 20 s intervals
170% WRpeak
4x per wk for 6 wk

+6.5

0% (0/19)

-

Scribbans et al. 2014b
8, 20 s intervals
170% WRpeak
3x per wk for 3 wk

+3.0

25% (4/16)

+1.7

46% (5/11)

-

Zelt et al. 2014
4-6, 30 s intervals
all-out intensity
3x per wk for 4 wk

4-6, 15 s intervals
all-out intensity
+3.0
33% (4/12)
3x per wk for 4 wk
Bonafiglia et al. 2016
+1.2
TE
57% (12/21)
8, 20 s intervals
170% V̇O2 peak
4x per wk for 3 wk
NOTES: All V̇O2max values are presented in mL∙kg-1∙min-1; a – Method of Determination for nonresponse; Wmax – maximal workload; WRpeak – peak work rate; V̇O2 peak – peak oxygen uptake;
TE – typical error; CVs - coefficients of variation.
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The limited amount of research examining the V̇O2max individual responses to SIT indicates
that higher intensities of exercise can provide greater response rates (Table 1.3). However,
similarly with MICT, non-responders have been identified in SIT protocols. In a retrospective
study where participants performed 2 wk of SIT, a non-response rate of 35% was identified (based
on the CVs method, using control and additional participants) (Astorino et al. 2014). A more
recent study utilized results from multiple SIT studies with a variety of protocols to examine the
individual responses to SIT with the use of TE (Gurd et al. 2016), indicating a 22% rate of nonresponders.
At present, no studies have attempted to compare the individual responses with traditional
SIT compared to modified SIT protocols. Furthermore, there is only one study directly comparing
the individual V̇O2max responses of SIT to MICT (Bonafiglia et al. 2016), demonstrating a
relatively small difference in the incidences of non-response between MICT and SIT (9%), but an
overall large degree of non-responders with training (48% with MICT, 57% with SIT).
Interestingly, when an individual classified as a non-responder was crossed-over to the other
training protocol they were typically found to be a responder of that training protocol. This finding
supports the hypothesis that individuals who may be non-responders for one given mode of
exercise can still positively respond to exercise if exposed to a different training protocol
(Bouchard et al. 2012).
When examining variables other than V̇O2max, non-responders have also been identified for
variables such as time trial completion, submaximal HR, and lactate threshold (Bonafiglia et al.
2016; Gurd et al. 2016). It is important to note however, a non-responder to an observed measure
(V̇O2max, lactate threshold, submaximal HR, and time trial completion) in one protocol did not
preclude a positive response from another observed measure (Bonafiglia et al. 2016; Gurd et al.
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2016). Furthermore, though there is great inter-individual variability with both the MICT and SIT
protocols, there have been no “global non-responders” following either protocol. This finding has
been demonstrated across numerous studies, and contributes to the idea that even though an
individual may not respond to a specific form of exercise examining specific outcomes, it is very
unlikely that there are “global non-responders” who will not respond in some aspect to exercise.
Summary
Due to the commonly cited barrier of “lack of time,” many individuals fail to meet the
daily-recommended amounts of exercise. Given the health implications of V̇O2max (Kodama et al.
2009), it is important to find time effective exercise protocols that produce improvements in
aerobic capacity. As SIT aims at providing such benefits in a time effective manner, future
research should focus on how current SIT protocols can be “modified” to provide not only the
greatest adaptations, but also the greatest likelihood of being performed by individuals. In
attempting to modify traditional SIT for more facilitative psychological perceptions while
maintaining the physiological adaptations, protocols such as 15 s sprints and 5 s sprints have
emerged. Though the research into protocols such as these is relatively novel, the current literature
demonstrates promising results. As a future direction for building on the body of literature of these
modified protocols, research should be directed at determining whether these modified protocols
have a greater incidence of non-response when compared to the traditional SIT protocol.
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Introduction
Sprint interval training (SIT) involves performing intervals at supra-maximal intensities
for relatively short durations (Weston et al. 2014). Traditionally, this is done in the form of four
to six 30 s “all out” efforts interspersed with 4 min of passive or active recovery, for a total time
commitment of 14-23 min per session and only 2-3 min of actual exercise (Burgomaster et al.
2008; Gibala et al. 2006). This traditional style of SIT has demonstrated both improvements to
aerobic (Burgomaster et al. 2008; Gibala et al. 2006; Gillen et al. 2016; Hazell et al. 2010) and
anaerobic capacity (Hazell et al. 2010; Willoughby et al. 2016; Zelt et al. 2014). When compared
directly to typical moderate-intensity continuous training (MICT), a number of studies have
demonstrated similar benefits (Burgomaster et al. 2008; Gibala et al. 2006; Gillen et al. 2016;
MacPherson et al. 2011). Given the important associations between maximal oxygen consumption
(V̇O2max) and health (Kodama et al. 2009), the majority of SIT research demonstrates SIT is a timeeffective modality to improve cardiorespiratory fitness (Gist et al. 2014; Sloth et al. 2013). This
time-effective nature combined with potent physiological benefits may have important
implications, especially for a growing sedentary population who suggest lack of time is the main
reason for their inactivity (Trost et al. 2002).
Despite these purported benefits, some researchers argue that SIT may be inappropriate for
a largely sedentary population that already struggles to perform regular exercise due to its
strenuous nature (Biddle and Batterham 2015; Hardcastle et al. 2014). The intense nature of SIT
is thought to produce a high degree of negative affect (feeling/emotion during the training) as well
as decreased enjoyment following exercise, which are predictors of exercise adherence (Parfitt and
Hughes 2009). This would suggest SIT may fail to be performed regularly due to low levels of
motivation and confidence in individuals who already fail to meet the current recommended
25

amounts of exercise (Hardcastle et al. 2014). Although most of these suggestions are based on
theory rather than objective data (Jung et al. 2015), a vigorous debate about the efficacy of SIT is
ongoing (Astorino and Thum 2016; Biddle and Batterham 2015; Del Vecchio et al. 2015; Jung et
al. 2015; Robertson-Wilson et al. 2017).
To combat the potential negative psychological perceptions, researchers have begun to
explore the potential of manipulating several training-related variables within the traditional SIT
protocol in an attempt to further reduce the training volume and duration without attenuating the
potent physiological benefits (Gillen et al. 2016; Hazell et al. 2010; Metcalfe et al. 2012;
Yamagishi et al. 2017; Zelt et al. 2014). To date, these protocols have included reduced sprint
durations of 20 s (Gillen et al. 2016), 15 s (Yamagishi et al. 2017; Zelt et al. 2014), and 10 s (Hazell
et al. 2010), with a variety of rest durations (ranging from 2-4.75 min). Recent research from our
laboratory has demonstrated reducing sprint durations from 30 s (4 min rest) to 15 s (2 min rest)
or even 5 s (40 s rest) but increasing the number of sprint bouts to maintain the same overall
exercise duration (thus maintaining the same work to rest ratio of 1:8 s) produces similar acute
physiological outcomes (energy expenditure, fat oxidation; Islam et al. 2017) as well as more
favourable psychological perceptions (Townsend et al. 2017). However, these acute differences
in psychological perceptions were not seen after using the same modified protocols over a 4 wk
training study (McKie et al. 2018). Furthermore, this study demonstrated a significant increase in
V̇O2max of 5.5%, with no significant differences between the groups (McKie et al. 2018). Although
there were no significant differences between the groups, the 30 s SIT protocol appeared to have
the largest magnitude of improvement (8.7%) compared to both modified SIT protocols (5 s: 4.3%;
15 s: 3.8%) suggesting the need for a larger sample size, as the lack of group differences could be
due to a type II error.
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Although the heterogeneity of each individual within the group’s response to training has
been known for decades (Bouchard et al. 1999), much of the research has focused on MICT and
the responses to V̇O2max (Scharhag-Rosenberger et al. 2012; Sisson et al. 2009; Vollaard et al.
2009). Though our understanding of this heterogeneity is a growing area of research, there is
currently no consensus on the optimal method of defining an individual’s response. Initial research
first examined the individual responses to MICT using methods such as examining the magnitude
of response relative to zero (Bouchard and Rankinen 2001; Sisson et al. 2009), fixed proportions
(Vollaard et al. 2009), or coefficients of variation (Astorino and Schubert 2014; ScharhagRosenberger et al. 2012), providing a wide and varying range of non-response rates. More
recently, researchers have begun to examine these rates with high-intensity interval training (HIIT)
protocols due to the growing popularity of HIIT and SIT (Astorino and Schubert 2014; Bonafiglia
et al. 2016; Gurd et al. 2016; Raleigh et al. 2016). At present, the majority of recent research has
used 2x the typical error (TE) to dichotomously classify individuals as “responders” or “nonresponders” (Alvarez et al. 2017; Astorino et al. 2018; Bonafiglia et al. 2016; de Lannoy et al.
2017; Gurd et al. 2016; Raleigh et al. 2016). Proving to be a more concise approach through
considering both biological and technical error, the use of TE has allowed researchers to minimize
the risk of misclassifying participants, compared to previously used methods of determination
(Hopkins 2000). Using this approach, research has determined a 48% incidence of non-response
for MICT (Bonafiglia et al. 2016) and a 22-57% incidence in response to HIIT/SIT (Bonafiglia et
al. 2016; Gurd et al. 2016). With our recent demonstration that modified SIT protocols elicit
similar acute and chronic physiological adaptations (Islam et al. 2017; McKie et al. 2018)
compared to the more traditional SIT protocol, whether the incidence of non-response, and the
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overall individual response heterogeneity, is similar between varied SIT protocols has not been
investigated.
Therefore, the primary purpose of this study was to determine the incidence of nonresponse to a traditional 30:240 s SIT protocol, as well as for 2 modified SIT protocols of 15:120
s SIT and 5:40 s SIT across 4 wk of training. We hypothesized that the traditional 30 s SIT protocol
would have a lower incidence on non-responders compared to both modified protocols.
Furthermore, we wanted to build upon and verify (with a larger sample size) the results of previous
work done in our laboratory on the effectiveness of modified 15 s SIT and modified 5 s SIT
protocols (McKie et al. 2018).
Materials and methods
Participants
Forty-seven recreationally active males and females were recruited for the current study,
and combined with 43 participants from our previous study (McKie et al. 2018), for an overall
sample of 90 participants (56 males; 34 females). Participants were deemed to be healthy
according to the Physical Activity Readiness Questionnaire (PAR-Q; Thomas et al. 1992), and
recreationally active through the Godin Leisure-Time Exercise Questionnaire (Godin et al. 1997).
Participants were not using any dietary supplements, were self-reported non-smokers, and had not
engaged in a systematic training program for at least 3 months prior to data collection. Participants
were instructed to not modify their current lifestyle habits, including dietary habits and any
physical activity being performed pre-training. Participants were also instructed that within 24 h
of any testing or training session, no alcohol, caffeine, or exercise would be allowed. Experimental
procedures were explained in detail to all participants, and all participants provided written
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informed consent prior to data collection. The Wilfrid Laurier University Research Ethics Board
(REB # 5875) approved this study in accordance with the ethical standards of the 1964 Declaration
of Helsinki.
Study design
Prior to training, all participants completed 2 sessions of pre-training testing before being
systematically assigned to 1 of 3 training groups using stratified randomization based on biological
sex and pre-training V̇O2max values. The 3 training groups trained for 4 wk at a frequency of 3
supervised sessions per wk. Following training, post-testing was completed identical to pretesting. All post-testing was performed by researchers blinded to each participant’s group. The
non-exercise control group (CTRL) was conveniently sampled and only completed pre- and posttesting. Outcome measures included a graded treadmill V̇O2max test (day 1), 30 s running sprint
test (day 1), and a 5 km running time trial (day 2). This design was identical to our previous study
(McKie et al. 2018).
Pre-training measures
A familiarization session was completed prior to any pre-testing to allow participants to
become comfortable with the training procedures and lab equipment, to help ensure any learning
effect was minimal. Due to the novelty of performing sprints on a non-motorized sprint interval
training treadmill (HiTrainer), participants would perform multiple (2-5) efforts to get used to
propelling the HiTrainer, followed by 1-3 “all-out” efforts to get even more acclimatized (McKie
et al. 2018b). All tests were performed at the same time of day, on separate days with at least 24
h of recovery, as well as 48 h prior to beginning training. Participants performed a self-selected
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warm-up and cool-down for each test, consisting of light jogging and stretching (5-10 min). All
pre- and post-testing was performed in the same order for all participants.
Aerobic capacity
To evaluate aerobic capacity, participants completed an incremental test to exhaustion on
a motorized treadmill to determine V̇O2max using a metabolic cart (MAX II, AEI Technologies,
PA, USA). The metabolic cart was calibrated before each test using gases of known concentration
and a 3 L syringe for flow. Participants were fitted with a heart rate monitor (FT1, Polar Electro,
QC, Canada), as well as a silicon facemask (Vmask, Hans Rudolph Inc., KS, USA). Prior to the
test, participants completed a self-selected warm-up. For the V̇O2max test, each participant ran at a
self-selected speed between 5.0 and 6.5 mph, while starting at 0% grade, which increased by 2%
every 2 min until the test was terminated. V̇O2max was recorded as the greatest 30 s average in the
presence of a plateau in oxygen consumption values (<1.35mL∙kg-1∙min-1), despite increased
workload or if 2 of the following secondary criteria were met: (i) a respiratory exchange ratio
(RER) greater than 1.15; (ii) heart rate (HR) within ±10 beats per minute (bpm) of age-predicted
heart rate max (220 bpm – participant’s age); (iii) complete participant exhaustion. Participants
were verbally encouraged throughout the duration of the test, which lasted between 7 and 15 min.
Pre-training, 55 of 84 participants obtained plateaus in their V̇O2 uptake, with 21 of the participants
with no plateau satisfying at least 2 secondary criteria (rise in V̇O2 between subsequent stages was
98 % of expected increase, RER 1.19±0.04, %HR 98.1±2.8), and the other 8 satisfying 1 secondary
criteria (rise in V̇O2 between subsequent stages was 159% of expected increase, RER 1.10±0.02,
%HR 92.9±2.2).
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Anaerobic Capacity
In order to evaluate anaerobic capacity, a 30 s running sprint test was performed, which
has been shown to be a valid measure of anaerobic capacity (McKie et al. 2018a). Participants
completed the 30 s “all-out” running sprint 20 min after the V̇O2max test (pilot data demonstrating
no effect on anaerobic performance) on a non-motorized interval training treadmill (HiTrainer,
QC, Canada). The treadmill software automatically recorded peak, average, and minimum speed,
as well as time to peak speed. The non-motorized interval training treadmill informed participants
when to begin sprinting and when the test is completed, while verbal encouragement was provided
by the research team. After the test, participants performed a self-selected cool down.
Aerobic Performance
A 5 km time trial was performed on the motorized treadmill, which was used to assess
aerobic performance. Following a standardized warm-up, participants completed a 5 km distance
(0% grade) as fast as possible. Participants had full control over treadmill speed and could adjust
as needed (no adjustments to grade were allowed). Participants were able to view speed and
distance values, but were blinded to duration.
Training
Following pre-testing, participants were systematically assigned to 1 of the 3 following
training groups (based on pre-training V̇O2max values and biological sex) identical to our previous
study (McKie et al. 2018).
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Traditional 30:240
Traditional SIT, consisting of 4-6 repeated 30 s all out efforts interspersed with 240 s of
recovery (active or passive rest). Training progression was applied such that in wk 1
participants completed 4 bouts, which increased to 5 in wk 2, then increased to 6 in wk 3
and 4.
Modified 15:120
Modified SIT 15:120, consisting of 8-12 repeated 15 s all out efforts interspersed with 120
s of recovery (active or passive rest). Training progression was applied such that in wk 1
participants completed 8 bouts, which was increased to 10 in wk 2, then increased to 12 in
wk 3 and 4.
Modified 5:40
Modified SIT 5:40, consisting of 24-36 repeated 5 s all out efforts interspersed with 40 s
of recovery (active or passive rest). Training progression was applied such that in wk 1
participants completed 24 bouts, which was increased to 30 in wk 2, then increased to 36
in wk 3 and 4.
Control
A non-exercise control group was conveniently sampled, which consisted of participants
instructed to maintain their current levels of physical activity throughout the duration of
the study.
All training was matched for total exercise duration (2-3 min), with a 1:8 work to rest ratio.
Training sessions were performed on the HiTrainer, including a self-selected warm-up, as well as
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a self-selected cool-down (minimum 5 min for each). For the non-motorized sprint interval
training treadmill, participants were positioned in a sprinting drive phase and propelled the
treadmill belt by leaning into the shoulder pads fixed onto the treadmill. Participants were allowed
to passively or actively rest during the rest periods in between sprints.
Post-training Measures
All post-training tests were identical to the pre-training. The tests were completed within
10 days of the last training session.
Determination of Typical Error
TE for all physiological outcomes was calculated from 15 recreationally active participants
for each variable, using similar methods to previous research (Bonafiglia et al. 2016; Gurd et al.
2016). The TEs for each outcome were calculated using the following equation (Hopkins 2000):
TE = SDdiff/√2
Where SDdiff is the standard deviation (SD) of the difference scores from the 2 repeats of each
respective test. The calculated TE of each outcome were: ±0.92 mL∙kg-1∙min-1 (2x TE = 1.84) for
V̇O2max, ±33 s (2x TE = 66) for 5 km time trial, ±0.22 m∙s-1 (2x TE = 0.45) for peak speed, ±0.46
s (2x TE = 0.93) for time to peak speed, ±0.16 m∙s-1 (2x TE = 0.31) for average speed, and ±0.54
m∙s-1 (2x TE = 1.08) for minimum speed. Participants were classified as responders if the
improvement for the given variable was greater than 2x the TE, a non-responder if the change was
not greater than 2x TE, and an adverse responder if the individual decreased greater than 2x TE.
A change that is beyond 2x the TE indicates a relatively high probability (12:1) that the response
observed is a true physiological adaptation beyond what may be expected to occur from biological
and/or technical variability (Hopkins 2000). The TE calculated for V̇O2max was similar to previous
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research (±0.87 mL∙kg-1∙min-1; Gurd et al. 2016). Unfortunately, there is no previous research
available to compare our derived TE’s for the 5 km time trial and anaerobic sprint variables.
Statistical Analysis
Chi-square analyses were used to test for any significant difference in the number of
participants classified as non-responders between group (5:40, 15:120, 30:240) and response
(responder, non-responder), as well as for biological sex (male, female) and response, and baseline
CRF using ACSM CRF classifications (“fair”; 44.9 - 49.0 mL∙kg-1∙min-1 males, 34.6 – 38.9 mL∙kg1

∙min-1 females, and “good”; 50.2 - 55.2 mL∙kg-1∙min-1 males, 40.6 - 44.7 mL∙kg-1∙min-1 females)

and response. Odds ratio will be used for biological sex and baseline fitness (2x2 chi-square)
analysis to evaluate significant differences. If an expected value in the chi-square was below 5,
Fisher’s exact test (for 2x2 square) or Likelihood ratio (for 3x2 square) was used to evaluate
significance. Additionally, a 1-way ANOVA was used to determine if there were differences in
baseline characteristics for each group. Separate 2-way group (5:40, 15:120, and 30:240) by time
(pre, post) repeated measures ANOVA’s were used to test for significance across groups from preto post-training, with Tukey’s post hoc testing where necessary. Effects sizes (< 0.2 small, 0.20.8 moderate, >0.8 large) were calculated from pre- versus post-testing for overall improvement
using Cohen’s f, as well as for each group using Cohen’s d. Effects sizes were also estimated for
the chi square analysis using Phi (2x2 chi-square) and Cramér’s V (3x2 chi-square). All data are
presented as means ± SD.
Results
Ninety recreationally active participants were recruited for this study. 43 completed the
training from a previous study (McKie et al. 2018), and 47 were additionally recruited. Out of the
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47 who were additionally recruited, 6 did not complete the intervention (2 in 30:240, 1 in 15:120,
2 in 5:40, 1 in CTRL). Reasons for dropout were due to scheduling conflicts (n=4), experience of
nausea after the first training session (n=1), and unrelated injury (n=1). Therefore, 23 (8 females)
participants completed the 30:240 training, 23 (9 females) participants completed the 15:120
training, and 23 (8 females) participants completed the 5:40 training. Additionally, 15 participants
(7 females) acted as the CTRL group.

There were no differences (P > 0.05) in baseline

characteristics between groups, though the age of the control group was trending to being older
than the training groups (Table 2.1). Participants were removed from the study if they missed
more than 2 training sessions.
Table 2.1 Participant characteristics for each group at baseline.
Participant characteristics

30:240

15:120

5:40

CTRL

P-value

n (male/female)

23 (15/8)

23 (14/9)

23 (15/8)

15 (8/7)

-

Age, y

22±2

21±2.2

21±2.4

23±17

0.054

Height, cm

174±6.3

175±8.9

175±8.8

173±10.1

0.885

Weight, kg

73.8±10.3

73.9±10.8

75.5±13.0

70.9±10.9

0.679

Body fat, %

15.6±6.8

14.8±7.7

15.7±7.1

20.4±5.2

0.118

V̇O2max (mL∙kg-1∙min-1)

45.5±6.8

44.6±6.9

45.6±7.6

45.4±7.8

0.963

Note: All data are presented as the mean ± SD. Unlike letters denote significant difference.
CTRL, control group; V̇O2max, maximal oxygen uptake.
Aerobic Capacity
Post-training, 47 of 82 participants obtained plateaus in their V̇O2, with 31 of the remaining
participants exhibiting no plateau satisfying at least 2 secondary criteria (rise in V̇O2 between
subsequent stages was 116% of expected increase, RER 1.16±0.05, %HR 96.0±3.5), and the other
4 satisfying 1 secondary criteria (rise in V̇O2 between subsequent stages was 106% of expected
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increase, RER 1.09±0.02, %HR 90.3±2.3). There was 1 participant from the 30:240, as well as 1
from the 5:40 SIT group who did not complete the V̇O2max test (experienced cramps and stopped
the test) and refused to perform a re-test on a separate day, which resulted in their data being
excluded from final analysis (Figure 2.1).
For V̇O2max, there was an overall non-response rate of 52% (35/67). Chi-square analysis
(Table 2.4) indicated no significant difference (P = 0.190) with a moderate effect size (V = 0.22),
in the number of responders/non-responders in the different training groups where 30:240 had 8/22
(36%) non-responders (Figure 2.1 B), 15:120 had 14/23 (61%) non-responders (Figure 2.1 C), and
5:40 had 13/22 (59%) non-responders (Figure 2.1 D). There was also no significant difference (P
= 0.976) with a small effect size (Phi < 0.01), in the rate of non-response between males and
females (males: 22/42, 52%; females: 13/24, 54%) (Table 2.5), as well as with baseline CRF “fair”
and “good” ratings (P = 0.366; Phi = 0.13) (fair: 14/29, 48%; good: 14/23, 61%) (Table 2.6).
In terms of group responses, there was no interaction (P = 0.286) or main effect of group
(P = 0.911), but there was a main effect of time (P = 0.001) where V̇O2max increased by 3.6%
(1.5±3.5 mL∙kg-1∙min-1) with a moderate effect size (f = 0.40). This was most likely driven by the
training groups, which increased V̇O2max by 4.4% (1.8±3.5 mL∙kg-1∙min-1), while the CTRL did
not change (-0.5±3.3 mL∙kg-1∙min-1; d = 0.10, small). The change in V̇O2max by group was 30:240:
5.5% (2.1±4.2 mL∙kg-1∙min-1) with a moderate effect size (d = 0.51); 15:120: 4.3% (1.9±3.6 mL∙kg1

∙min-1) with a moderate effect size (d = 0.53); and 5:40: 3.2% (1.4±2.5 mL∙kg-1∙min-1) with a

moderate effect size (d =0.52).
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Aerobic Performance
A single participant from the 15:120 SIT group did not perform a 5-km time trial (due to
cramping 7 min into the test), and refused to perform a re-test on a separate day, which resulted in
their data being excluded from final analysis.
For time trial, there was an overall non-response rate of 52% (35/68). Chi-square analysis
(Table 2.4) indicated a significant difference (P = 0.042) with a moderate effect size (V = 0.31), in
the number of responders/non-responders in the different training groups where 30:240 had 7/23
(30%) non-responders which was lower than both the 15:120 group with 13/22 (59%) and the 5:40
group with 15/23 (65%). There was also no significant difference (P = 0.191) with a small effect
size (Phi = 0.16), in rate of non-response between males and females (males: 19/42, 45%; females:
16/26, 62%) (Table 2.5), as well as with baseline CRF “fair” and “good” ratings (P = 0.438, Phi =
0.11) (fair: 12/29, 41%; good: 12/23, 55%) (Table 2.6).
For group responses, there was a significant group x time interaction (P = 0.005) with post
hoc analysis indicating that all training groups improved greater (5.4%, 96±108 s) with a moderate
effect size (f = 0.42), than the CTRL group (-0.7%, 6±66 s) with a small effect size (d = -0.02).
The change in 5-km time trial performance by group was 30:240: 7.4% (132±120 s) with a large
effect size (d = -1.11); 15:120: 4.4% (84±114 s) with a moderate effect size (d = -0.70); and 5:40:
4.4% (78±84 s) with a large effect size (d = -0.92) (Table 2.2).
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Fig. 2.1. (A) The change in V̇O2max (mL∙kg-1∙min-1) for each group at pre- to post-training;
Individual participant responses for 30:240 SIT group (B), 15:120 SIT group (C), and 5:40 SIT
group (D). Two time the typical error is shown using grey area, with responders being those
individuals above, non-responders within, and adverse responders below.

Anaerobic Capacity
All individuals completed their 30 s sprints. The overall rates of non-response for the 30 s
all-out sprint were 61% (42/69) for peak speed, 65% (45/69) for time to peak speed, 77% (53/69)
for average speed, and 86% (59/69) for minimum speed. For the 30:240 group, there was a 52%
(12/23) non-response rate for peak speed, 87% (20/23) for time to peak speed, 83% (19/23) for
average speed, and 91% (21/23) for minimum speed. For the 15:120 group, there was a 78%
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(18/23) non-response rate for peak speed, 52% (12/23) for time to peak speed, 83% (19/23) for
average speed, and 87% (20/23) for minimum speed. For the 5:40 group, there was a 52% (12/23)
non-response rate for peak speed, 65% (15/23) for time to peak speed, 70% (16/23) for average
speed, and 78% (18/23) for minimum speed.

Chi-square analysis (Table 2.4) indicated a

significant difference (P = 0.038) with a moderate effect size (V = 0.31), in the number of nonresponders for time to peak speed across groups where the 30:240 group had significantly more
non-responders than both modified protocols. There were no significant differences for all other
indices of anaerobic capacity (P > 0.112) in the number of responders/non-responders in the
different training groups (30:240, 15:120, 5:40), with a moderate effect size for peak speed (V =
0.25) and small effect sizes for average speed and minimum speed (V = 0.15) (Table 2.4). There
was also a significant difference in the number of responders/non-responders between males and
females for time to peak speed (P = 0.018) and average speed (P = 0.010), with moderate effect
sizes (Phi = 0.28 for time to peak speed; 0.31 for average speed) (Table 2.5). Odds ratios indicated
that males were 3.5x more likely to be a non-responder for time to peak speed than females, and
females were 10.5x more likely to be a non-responder for average speed than males. There were
no significant differences (P > 0.079) between males and females for peak speed, and minimum
speed, with a moderate effect size for peak speed (Phi = -0.21) and a small effect size for minimum
speed (Phi = 0.13) (Table 2.5). There was also no significant difference (P > 0.486), with small
effect sizes (Phi < 0.10) for all anaerobic capacity indices with baseline CRF “fair” and “good”
ratings (Table 2.6).
For group means (Table 2.3), there was a significant group x time interaction (P = 0.006),
with a moderate effect size (f = 0.40) for peak speed, with post hoc analysis indicating that the
30:240 and 5:40 SIT groups improved greater (7.3%, 0.5±0.6 m∙s-1) than the 15:120 SIT group

39

and the CTRL. The change in peak speed by group was 30:240: 7.2% (0.4±0.7 m∙s -1) with a
moderate effect size (d = 0.60); 15:120: 0.8% (0.1±0.6 m∙s-1) with a small effect size (d = 0.09);
5:40: 7.4% (0.5±0.5 m∙s-1) with a large effect size (d = 1.07). The CTRL group (0.0±0.4 m∙s-1) did
not change, with a small effect size (d = 0.11). For time to peak speed, there was no interaction (P
= 0.645) or main effect of group (P = 0.827), but there was a main effect of time (P < 0.001) where
time to peak speed improved by 11.5% (-0.7 ± 1.5 s) with a moderate effect size (f = 0.48). The
change in time to peak speed by group was 30:240: 7.7% (0.7±1.4 s) with a moderate effect size
(d = -0.47); 15:120: 15.7% (0.9±1.6 s) with a moderate effect size (d = -0.61); and 5:40: 18.8%
(0.8±1.4 s) with a moderate effect size (d = -0.58). For average speed, there was no interaction,
main effect of group, or main effect of time (P > 0.103). For minimum speed, there was a
significant group x time interaction (P = 0.035) with post hoc analysis indicating that the 30:240
and 15:120 SIT groups improved greater (24.4%, 0.3±0.8 m∙s-1), with a moderate effect size (f =
0.34), than the CTRL (-0.3±0.7) with a moderate effect size (d = -0.58). The change in minimum
speed by group was 30:240: 24.7% (0.4±0.7 m∙s-1) with a moderate effect size (d = 0.52); 15:120:
24.0% (0.2±0.9 m∙s-1) with a moderate effect size (d = 0.20); 5:40: 17.5% (0.1±1.0 m∙s-1) with a
small effect size (d = 0.02).
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Table 2.2. Aerobic performance measure from 5 km time trial for each group at pre- to post-training.
Group
30:240
15:120
5:40
CTRL
Pre
Post
Pre
Post
Pre
Post
Pre
Post
Time (s)
1730±271 1600±260* 1671±245 1590±209* 1675±245 1598±219* 1705±283 1702±255
Non8/23*
15/22
15/22
n/a
responders
Note: All data are presented as the mean ± SD. CTRL, control group; Pre, before training; Post, after training.
* Significant (P < 0.05).

Table 2.3. Anaerobic capacity measure from 30 s sprint test for each group at pre- to post-training.
Group
30:240
15:120
5:40
CTRL
Pre
Post
Pre
Post
Pre
Post
Pre
Post
-1
Peak speed (m∙s )
7.08±1.07
7.50±0.93
7.25±1.09
7.30±1.22
7.02±0.96
7.56±1.04
6.90±1.20
6.95±1.06
TPS (s)
2.50±1.27
1.89±0.96
2.76±1.23
1.81±0.94
2.79±1.23
2.00±0.93
2.44±1.55
2.02±0.37
Avg speed (m∙s-1)
5.23±0.72
5.28±0.63
5.26±0.76
5.19±0.81
5.16±0.63
5.38±0.69
4.92±0.73
4.83±0.76
-1
Min speed (m∙s )
3.03±0.99
3.41±0.56
3.15±1.13
3.33±0.86
2.84±1.16
2.86±1.24
2.58±0.91
2.13±1.00
Note: All data are presented as the mean ± SD. CTRL, control group; Pre, before training; Post, after training; TPS, time to peak speed; Avg,
average; Min, minimum.
* Significant (P < 0.05).
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Fig. 2.2. (A) Individual patterns of response following four weeks of 30:240 SIT; (B) Individual patterns of
response following four weeks of 15:120 SIT; (C) Individual patterns of response following four weeks of 5:40 SIT.
Note: Responder (white boxes), non-responder (grey boxes), adverse responder (black boxes), data not available
(dashed boxes), overall non-responder (checkered boxes). The percentage of non-response (NR %) includes both
non- and adverse responses.
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Table 2.4. Chi-square output for non-response differences between groups.
Aerobic capacity response by group.
Group
30:240
Resp
Non
Observed Value
14.0
8.0
Expected Value
10.5
11.5
Aerobic performance response by group.
Group
30:240
Resp
Non
Observed Value
16.0
7.0
Expected Value
11.2
11.8

15:120
Resp
9.0
11.0

5:40
Non
14.0
12.0

Resp
9.0
10.5

15:120
Resp
9.0
10.7

Non
13.0
11.5

5:40
Non
13.0
11.3

Resp
8.0
11.2

Anaerobic capacity peak speed response by group.
Group
30:240
15:120
Resp
Non
Resp
Non
Observed Value
11.0
12.0
5.0
18.0
Expected Value
9.0
14.0
9.0
14.0

Resp
11.0
9.0

Anaerobic capacity time to peak speed response by group.
Group
30:240
15:120
Resp
Non
Resp
Non
Observed Value
3.0
20.0
11.0
12.0
Expected Value
7.3
15.7
7.3
15.7

Resp
8.0
7.3

Anaerobic capacity average speed response by group.
Group
30:240
15:120
Resp
Non
Resp
Non
Observed Value
4.0
19.0
4.0
19.0
Expected Value
5.0
18.0
5.0
18.0
Anaerobic capacity minimum speed response by group.
Group
30:240
15:120
Resp
Non
Resp
Non
Observed Value
2.0
21.0
3.0
20.0
Expected Value
3.3
19.7
3.3
19.7
Note: Resp, responder; Non, non-responder.

Non
15.0
11.8

5:40
Non
12.0
14.0

5:40
Non
15.0
15.7

5:40
Resp
7.0
5.0

Non
16.0
18.0

5:40
Resp
5.0
3.3

Non
18.0
19.7
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Table 2.5. Chi-square output for non-response differences between biological sex.
Aerobic capacity response by biological sex.
Biological sex
Male
Resp
Observed Value
20.0
Expected Value
20.1
Aerobic performance response by biological sex.
Biological sex
Male
Resp
Observed Value
23.0
Expected Value
20.4

Female
Non
22.0
21.9

Resp
12.0
11.9

Non
13.0
13.1

Female
Non
19.0
21.6

Anaerobic capacity peak speed response by biological sex.
Biological sex
Male
Resp
Non
Observed Value
21.0
24.0
Expected Value
17.6
27.4

Resp
10.0
12.6

Non
16.0
13.4

Female
Resp
6.0
9.4

Non
18.0
14.6

Anaerobic capacity time to peak speed response by biological sex.
Biological sex
Male
Female
Resp
Non
Resp
Non
Observed Value
10.0
35.0
12.0
12.0
Expected Value
14.3
30.7
7.7
16.3
Anaerobic capacity average speed response by biological sex.
Biological sex
Male
Resp
Non
Observed Value
14.0
31.0
Expected Value
9.8
35.2
Anaerobic capacity minimum speed response by biological sex.
Biological sex
Male
Resp
Non
Observed Value
5.0
40.0
Expected Value
6.5
38.5
Note: Resp, responder; Non, non-responder.

Female
Resp
1.0
5.2

Non
23.0
18.8

Female
Resp
5.0
3.5

Non
19.0
20.5
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Table 2.6. Chi-square output for non-response differences between baseline CRF.
Aerobic capacity response by baseline CRF.
Baseline CRF
Fair
Resp
Observed Value
15.0
Expected Value
13.4
Aerobic performance response by baseline CRF.
Baseline CRF
Fair
Resp
Observed Value
17.0
Expected Value
15.6

Good
Non
14.0
15.6

Resp
9.0
10.6

Non
14.0
12.4

Good
Non
12.0
13.4

Anaerobic capacity peak speed response by baseline CRF.
Baseline CRF
Fair
Resp
Non
Observed Value
11.0
18.0
Expected Value
10.6
18.4

Resp
11.0
12.4

Good
Resp
8.0
8.4

Anaerobic capacity time to peak speed response by baseline CRF.
Baseline CRF
Fair
Resp
Non
Resp
Observed Value
12.0
17.0
9.0
Expected Value
11.7
17.3
9.3
Anaerobic capacity average speed response by baseline CRF.
Baseline CRF
Fair
Resp
Non
Observed Value
5.0
24.0
Expected Value
5.6
23.4

Non
12.0
10.6

Non
15.0
14.6

Good
Non
14.0
13.7

Good
Resp
5.0
4.4

Anaerobic capacity minimum speed response by baseline CRF.
Baseline CRF
Fair
Good
Resp
Non
Resp
Observed Value
4.0
25.0
5.0
Expected Value
5.0
24.0
4.0
̇
̇
Note: Fair, baseline VO2max ACSM classification; Good, baseline VO2max ACSM
classification; Resp, responder; Non, non-responder.

Non
18.0
18.6

Non
18.0
19.0
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Training Data
In wk 1, the 30:240 group was able to generate speeds equal to 87.9% of their peak speed
output, 88.7% in wk 2, 88.6% in wk 3, and 88.5% in wk 4. The average peak speed across all
bouts for the 30:240 group was 6.77 m∙s-1in wk 1, 6.77 in wk 2, 6.68 in wk 3, and 6.92 m∙s-1 in wk
4. The 15:120 group was able to generate speeds equal to 88.0% of their peak speed output in wk
1, 89.8% in wk 2, 88.4% in wk 3, and 88.3% in wk 4. The average peak speed across all bouts for
the 15:120 group was 6.81 m∙s-1 in wk 1, 6.63 in wk 2, 6.71 in wk 3, and 6.65 m∙s-1 in wk 4. The
5:40 group was able to generate speeds equal to 90.9% of their peak speed output in wk 1, 90.2%
in wk 2, 90.4% in wk 3, and 89.5% in wk 4. The average peak speed across all bouts for the 5:40
group was 7.11 m∙s-1 in wk 1, 7.25 in wk 2, 7.21 in wk 3, and 7.27 m∙s-1 in wk 4.
Discussion
The current study investigated the incidence of non-response in aerobic and anaerobic
capacity as well as aerobic performance following 4 wk of traditional (30:240) compared to 2
modified SIT protocols (15:120 & 5:40). In addition, potential differences in biological sex and
baseline cardiorespiratory fitness level were explored. To our knowledge, this is the first study to
empirically test the difference in the incidence of non-response across multiple SIT protocols. The
major findings of the current study are: i) traditional 30:240 SIT has a significantly lower
frequency of non-responders when compared to modified 15:120 and 5:40 SIT when examining
aerobic performance, with no differences in the incidence of non-response for aerobic capacity,
and anaerobic capacity, with the exception of time to peak speed (though moderate effect sizes
were found); ii) males and females have a similar incidence of non-response in aerobic capacity,
aerobic performance, and anaerobic capacity (except for average speed); iii) and baseline
cardiorespiratory fitness did not alter the incidence of non-response to aerobic capacity. Overall,
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our current results demonstrate that manipulating the work and rest interval duration of SIT, while
maintaining the total exercise session time and work-to-rest ratio (1:8 s), results in similar
improvements to aerobic and anaerobic capacity (except for peak speed). However, when
examining aerobic performance, utilizing a longer work and rest duration (30:240) results in more
robust results.
Incidence of non-response for aerobic capacity
Although the incidence of non-response to SIT has been examined in more recent research
(Bonafilglia et al. 2016; Gurd et al. 2016), the current study demonstrates that despite different
interval (30 s, 15 s, and 5 s) and rest (240 s, 120 s, and 40 s) durations, individuals have a similar
rate of non-response. Our overall non-response rate of 51% is in line with the higher end of
previous research examining non-response of 3x wk for 4 wk SIT (30-50%) (Gurd et al. 2016; Zelt
et al. 2014) as well as a recent meta-analysis using a pooled sample size of 677 participants and
demonstrating a comparable overall non-response rate of 61% (Williams et al. 2019). Contrary to
our hypothesis, there was no statistical difference in the incidence of non-response across any of
the 3 SIT protocols. There was also no difference in the number of adverse responders between
each SIT protocol. Furthermore, it appears that biological sex, as well as baseline cardiorespiratory
fitness do not appear to play a significant role in whether an individual will be a responder or nonresponder to SIT.
Group effects of SIT on aerobic capacity
The improvement to V̇O2max with traditional SIT (5.5%) is in line with previous research
(4.2-13.4%) (Gist et al. 2014; Sloth et al. 2013), though the improvement with modified SIT
protocols (3.8%) is slightly less than previous research (4-15%) using other modified SIT protocols
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(Hazell et al. 2010; McKie et al. 2018; Zelt et al. 2014). Due to an apparently larger magnitude of
improvement to V̇O2max with traditional 30s SIT compared to modified SIT (~4.5 mL∙kg-1∙min-1,
or 8.7% compared to 3.8% and 4.3% respectively) in our previous work (McKie et al. 2018), we
hypothesized that traditional 30s SIT may provide a more robust stimulus than the modified
protocols through a longer work bout duration, prolonging physiological stress and cellular
metabolism (McKie et al. 2018). However, at the group level our current results refute this,
demonstrating SIT improved V̇O2max similarly across all training groups (4.4% increase across all
training groups). These findings further demonstrate the potential of SIT to improve V̇O2max and
cardiorespiratory fitness in a time-effective manner and re-enforces the utility of modified SIT
protocols.
Incidence of non-response for aerobic performance
The current study demonstrates an overall non-response rate of 57% for aerobic
performance. To date, there is only one other study that examines the incidence of non-response
for an aerobic performance measure (Gurd et al. 2016), which found a slightly lower incidence of
non-response of 44% (obtained from 2 other studies that evaluated aerobic performance utilizing
a 500 kcal time to completion test with an approximate duration of 38 min) (Boyd et al. 2013;
Scribbans et al. 2014). When examining each training group independently, the 30:240 SIT group
had significantly fewer non-responders (35%) compared to both 15:120 and 5:40 modified SIT
groups (68%), indicating that a longer sprint and rest duration with fewer bouts may provide a
more robust stimulus. However, similar to aerobic capacity, it appears that biological sex and
baseline cardiorespiratory fitness do not play a significant role in whether an individual will be a
responder or non-responder to SIT.
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Group effects of SIT on aerobic performance
When examining aerobic performance, the current study demonstrated a 5.4% increase to
5 km time trial performance with SIT. These improvements are in line with previous research
utilizing a 2000 m run (4.6-5.9%) (MacPherson et al. 2011; Willoughby et al. 2016), further
demonstrating SIT’s ability to induce aerobic adaptations. However, this improvement is lower
than research utilizing a 500 kcal time to completion (14-15%). However, these discrepancies
may be due to the mode of exercise (cycling with the 500 kcal time trial), or the overall duration
of the test, as our 5-km test had a duration of ~28 min, while the 500 kcal time trial lasted ~ 37
min (Boyd et al. 2013; Scribbans et al. 2014), and the 2000 m run lasts ~ 9 min (Macpherson et al.
2011; Willoughby et al. 2016). These improvements in TT performance generally line up with
V̇O2max, however, there is the possibility that % V̇O2max sustained during the test increased as well.
Incidence of non-response for anaerobic capacity
When examining anaerobic capacity indices such as peak speed, time to peak speed,
average speed, and minimum speed, relatively high rates of non-response (60-91%) were observed
for all variables, across all training groups. Interestingly the 30:240 and 5:40 group had very
similar magnitudes of non-response (50% compared to 52%) for peak speed, indicating that
perhaps attempting to maintain one’s peak speed for an extended period of time is an equally
effective stimulus as repeatedly generating peak speed over multiple bouts for peak speed
adaptations. To our knowledge, we are the first study to examine the incidence of non-response
in anaerobic capacity. With that said, our current results demonstrate higher rates of non-response
compared to other training-related variables studied.
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Group effects of SIT on anaerobic capacity
The traditional 30:240 and modified 5:40 SIT protocols induced significant improvements
to peak speed by 7.3% (30:240, 7.2%; 5:40, 7.4%). Interestingly, the 15:120 group showed little
improvement (0.8%) to peak speed, suggesting that perhaps either the 15 s sprint duration is not
long enough to induce adaptation, or that performing only 8-12 repeats is not enough repetitions
to stimulate adaptation.

However, both the 30:240 and 15:120 SIT groups were able to

significantly improve minimum speed by 24.4%, suggesting shorter bouts with a decreased rest
period can be equally effective at adapting individual’s ability to maintain a higher minimum
speed, but not decreasing the bouts and rest period too drastically. Furthermore, although not
significant, all SIT groups were able to decrease time to peak speed by 14.1% (compared to the
CTRL group which actually increased time to peak speed by 1.6%), suggesting SIT can improve
an individual’s ability to generate peak speed output at a faster rate.
Individual patterns of responses
Consistent with previous literature (Bonafiglia et al. 2016; Gurd et al. 2016), the following
study demonstrated a wide range of responses to all SIT protocols, both between groups and within
groups (Table 2.7).

Though some individuals were non/adverse responders for all testing

outcomes (6/69), participants were not assigned or crossed-over to another training protocol (either
another SIT, HIIT, or MICT protocol), making the current analysis unable to evaluate whether
these few “global non-responders” would respond to another paradigm of training. Furthermore,
it remains uncertain if these few participants would remain as global non-responders if the training
prescription continued for a longer duration, or if participants trained 4 times a wk opposed to 3
times a wk (as utilized by the current study), as research has shown diminished levels of nonresponse once initial exposure to a training stimulus (i.e., 4 wk) has been surpassed (Ross et al.
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2015), as well as performing SIT 4 times a wk when compared to 3 times a wk (Gurd et al. 2016).
Future research could look to cross-over individuals who are non-responders to a specific SIT
protocol, as well as look to continue non-responder’s training protocols for an extended period of
time to evaluate the perseverance of a non-response classification, and determine which method is
more effective at diminishing a non-response.
Interestingly, when examining each individual’s training data, we were unable to see any
differences with individuals who were able to reproduce peak speed at a higher level, than those
at a lower level. Though intuitively one would think that individuals with a higher reproducibility
would be responders, while those with lower reproducibility would be non-responders, our data
showed that individuals above the mean peak speed reproducibility (89%) were non-responders
51% of the time (19/39), while those below were non-responders 44% of the time (15/27).
However, this could be due to the inability to objectively measure an individual’s “all-out” effort,
as some individuals who were at the higher end of the reproducibility may have not put forth an
all-out effort, while those at the lower end where and therefore unable to maintain a higher
reproducibility. Future research should look to provide some measure of intensity during training
to better account for the effort put forth by participants.
Limitations
In terms of limitations, there are a few to consider when interpreting the results from the
present study. Firstly, though the total sample size of the training study is relatively large, it is
underpowered to detect key statistical differences in the rate of non-responders between groups
(sample size calculation suggests approximately 160 participants needed). However, a recent
meta-analysis using a pooled sample size of 677 participants (of which, 116 performed lowvolume HIIT/SIT) found a comparable overall non-response rate of 61% (Williams et al. 2019)
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suggesting that despite our lower than required sample size, our results are still in line with all
other currently available literature. Secondly, though participants were instructed on the “all-out”
nature of the training, it remains difficult to evaluate the subjective nature of this prescription and
whether every participant trained as such for the duration of the study. Thirdly, though the
application of 2x TE to evaluate individual responses has undergone criticism for being “too
conservative” and potentially misclassifying individuals as non-responders, there has yet to be a
method of determination that has been found to provide the highest degree of confidence for
classifying individual responses (Bonafiglia et al. 2018; Bonafiglia et al. 2019; Swinton et al.
2018). Our use of 2x TE reflects its overall robust ability to evaluate individual responses in the
context of both biological variability and technical error. Lastly, despite our participants fulfilling
the guidelines of being recreationally active (Godin et al. 1997), the majority of the participants
sampled for the current study come from a university population, a population that usually
demonstrates large variations in sleep, nutrition, and psychological stress, highlighting a potential
to increase physiological variation in the training response (Mann et al. 2014).

As such,

generalizations to other populations, even those sharing similar baseline activity levels (i.e.,
recreationally active, but a non-student), should be done cautiously.
Conclusion
In summary, the current study assessed the incidence of non-response following 3 different
SIT protocols with varying sprint and rest durations, while maintaining an identical work-to-rest
ratio of 1:8 s. Importantly, the results from the current study not only demonstrated that the
incidence of non-response was similar across all training groups when evaluating aerobic capacity
(which arguably has the greatest health implications), but it did not differ between males and
females, as well as with baseline cardiorespiratory fitness levels. Furthermore, this study validates
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the use of a modified 15:120 and 5:40 SIT protocol to improve CRF, as the individual response
data partnered with the group analysis demonstrates no differences between the 3 training
protocols utilized in the study. However, individuals looking to improve upon more performance
related variables should consider which protocol will provide the best improvements, as the use of
longer sprint and rest durations (i.e., 30:240) benefits longer distance performance (i.e., 5-km run
time), while a shorter sprint and rest duration benefits shorter distance performance (i.e., 30 s
sprint).
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Chapter 3:
General Discussion
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This study was designed to evaluate the incidence of non-response to 4 wk of 30:240,
15:120, and 5:40 SIT performed 3x a wk. A secondary purpose of this study was to increase the
sample size and verify the results of previous work from our laboratory on the effectiveness of a
modified 15:120 and 5:40 SIT protocol compared to a traditional 30:240 one (McKie et al. 2018).
To accomplish both of these purposes, we chose to recruit recreationally active males and females
while maintaining an identical study design that was utilized by the previous study, allowing us to
pool samples together, maximizing our sample size. In order to evaluate and categorize individuals
as either responders or non-responders, we employed the established method of 2x the TE away
from zero (Hopkins 2000). With regards to our primary purpose, we were able to determine an
overall non-response rate of 51%, with individual group non-response rates of: 30:240 – 36%,
15:120 – 61%, 5:40 – 43%. These rates were not significantly affected by the increase in sample
size, as analysis from the participants from McKie and colleagues (2018; Figure 3.1) shows
minimal differences in these rates. With regards to the second purpose, by increasing the sample
size we were able to confirm the results from our previous work, and determine that a modified
15:120 and 5:40 SIT protocol are equally as effective as a 30:240 SIT protocol at improving
aerobic capacity.
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Fig. 3.1. Incidence of non-response to 30:240, 15:120, and 5:40
SIT protocols (McKie et al. 2018).
Note: Typical error (±1.84 mL∙kg-1∙min-1) is denoted by black
solid line. Individuals within (grey area) were identified as nonresponders.

Statistical approaches for classifying individual responses
The use of 2x the TE away from zero has been used in a large majority of recently published
research on individual response as a way to dichotomously classify individuals as either responders
or non-responders (Alvarez et al. 2017; Astorino et al. 2018; Bonafiglia et al. 2016; Gurd et al.
2016; de Lannoy et al. 2017; Raleigh et al. 2016). Though it is a relatively conservative and robust
method for doing so, this method has received criticism for potentially “misclassifying” individual
response (Bonafiglia et al. 2018; Hecksteden et al. 2018; Williamson et al. 2017). Further criticism
has been placed on the use of 2x the TE, as it is applied relative to zero, and fails to consider the
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context of “smallest worthwhile change” (Hopkins 2000; Swinton et al. 2018). Instead of using
2x TE, recent reports have presented potential alternative statistical approaches to provide greater
confidence for the classifications of individual responses (Bonafiglia et al. 2018; Bonafiglia et al.
2019; Hecksteden et al. 2018; Swinton et al. 2018).
One such approach involved calculating the TE from the CTRL group rather than from a
different cohort (to estimate measurement error and the within subject variability caused by
changes in behavioural/environmental factors as opposed to the technical error and biological
variation estimated by 2x TE), which was then used to obtain the coefficient of variation by
expressing the TE as a percentage of the mean. Fifty percent and 90% confidence intervals (Cis)
were then calculated based on the TE, which were used in conjunction with a zero-based threshold
and a smallest worthwhile change (or rather, the smallest improvement of a variable that is likely
clinically meaningful), to classify an individual’s “probability” of response. Utilizing a 50% CI
can classify individuals with 75% certainty, while using a 90% CI can classify individuals with
95% certainty (which is very similar to the 12:1 certainty of 2x TE). The strength of this approach
lies within its ability to provide more information than just classifying an individual as a responder
or a non-responder, and to more confidently prescribe these terms, especially for those individuals
whose improvement lies just below a 2x TE cut-off. However, this approach has its limitations.
First, classifying an individual’s probability of response creates a portion of individuals who
cannot be classified confidently (classified as “uncertain”). The decision of which CI to use can
increase the risk of error, as using a larger (i.e., 90%) CI increases the risk of a type II error, or
wrongfully classifying an individual as uncertain, when they should be either a responder or nonresponder, while using a smaller CI (i.e., 50%) increases the risk of a type I error, or wrongfully
classifying an individual as a responder or non-responder when they may not be. Another
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limitation involved in the use of CIs is that the calculation of them is dependent of the certainty on
the calculation of the TE. This can require research to increase the number of participants needed
for a calculation of TE (for this case, increase the number of participants required in a CTRL
group).
Another recently recommended approach involves classifying individual responses by
taking repeated measures over the course of a training intervention (Hecksteden et al. 2018). It is
argued that this method provides a more accurate estimate of an individual’s true response to
training. However, this study design would increase costs, time commitment, participant burden,
and risk introducing carryover effects that may influence results. This study design was utilized
over a 1 y training period, and it has been noted that study designs of shorter duration (i.e., 2-6
wk) may be better suited utilizing a pre to post method as previously described (Bonafiglia et al.
2019), though no research has currently been done to evaluate differences between these methods
across training interventions of varying durations. Although the use of 2x TE has undergone
scrutiny in recently published research (Bonafiglia et al. 2018; Bonafiglia et al. 2019; Hecksteden
et al. 2018; Swinton et al. 2018), it remains a relatively robust method for classifying individual
responses, and with no consensus of which method of determination to use for classifying
individual responses, we remain confident in our choice to classify our participants’ responses
based the method of 2x TE away from zero.
Future directions
Future investigations into the individual responses to SIT should look to explore study
designs that can potential alleviate the physiological outcome of a non-response. Regardless of
how it is defined, the potential of an individual performing physical activity to not experience the
benefits can be problematic, especially if those benefits are of significant health benefit. One such
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study design to employ as suggested previously is to increase the exercise stimuli (Gurd et al.
2016). This could be achieved by increasing the training frequency, as preliminary research has
shown that increasing training frequency to 4-5 times a wk (as opposed to a more standard training
frequency of 3 times a wk) can help minimize the incidence of non-response. A recent study
examining individual responses to SIT had participants train 4 times a wk and still observed a
relatively high non-response rate (57%), however, this study only had a training duration of 3 wk
(Bonafiglia et al. 2016). As demonstrated by this study, it appears that training duration may also
impact individual responses, and determining a training threshold that can minimize or eliminate
non-response should be explored in greater detail. Nevertheless, in our pursuit to find a time
effective strategy for those who fail to perform regular physical activity, we must consider the
potential that a “minimal level of exercise” is not an ideal approach to increase physical activity
levels in those failing to achieve recommended levels of physical activity, as a large majority of
these individuals may not physiologically respond as intended.
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Appendix II – Consent to Participate in Research

CONSENT TO PARTICIPATE IN RESEARCH
LETTER OF INFORMATION
Date:
Title of Study: Individual response to modified sprint interval training protocols (REB#5875)
Dear ______________________________:

You are being invited to participate in a research study conducted by Tom J. Hazell (PhD), Kyle
Schulhauser (BA Kin), Seth McCarthy (BHK), Daniel Grisebach (BA Kin), Curtis Todd (BKin student)
from the Energy Metabolism Research Laboratory and Dr. Jennifer Robertson-Wilson and Dr. Mark Eys
in the Department of Kinesiology and Physical Education at Wilfrid Laurier University.

PURPOSE OF THE STUDY
The primary purpose of this study is to determine the individual responses in aerobic and anaerobic
performance to 3 different sprint interval training (SIT #7b) protocols.

PROCEDURES
This study requires you to visit the Energy Metabolism Research Laboratory 17 times, one for a
familiarization session (<30 min), 2 for pre-training testing (~30 min each), 12 training session over 4 weeks
(3 per week, ~30 min each), and 2 post-training sessions (~30 min each) for a total time commitment of ~9
h. The familiarization session will acclimate you to all the training and testing equipment as well as have
you fill out a psychological questionnaire about your exercise habits. At the pre- and post-training testing
sessions, you will be required to perform a maximal oxygen consumption (VO2max) test (which requires you
to wear a facemask #7a), a running time trial, and a 30 sec running sprint test. The VO2max test will have
you run against a constantly increasing workload until exhaustion. The time trial will have you run a certain
distance as fast as possible. The 30 sec sprint test will have you run as hard as possible for 30 sec. After
pre-testing you will be placed into one of three training groups:
1) standard SIT - 4-6 “all-out” 30 sec efforts on a specialized treadmill followed by 4 min of active
recovery (light cycling or walking). The 1st week of training will include 4 bouts per session which
will increase by 1 each week to a maximum of 6 bouts per session for weeks 3 and 4;
2) modified SIT 1 - In the modified SIT 1 group you will complete 8-12 “all-out” 15 sec efforts on a
specialized treadmill followed by 2 min of active recovery (light cycling or walking). The 1 st week
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of training will include 8 bouts per session which will increase by 2 each week to a maximum of 12
bouts per session for weeks 3 and 4;
3) modified SIT 2 - In the modified SIT 2 group you will complete 24-36 “all-out” 5 sec efforts on a
specialized treadmill followed by 40 sec of active recovery (light cycling or walking). The 1st week
of training will include 24 bouts per session which will increase by 6 each week to a maximum of 36
bouts per session for weeks 3 and 4; (#7c)
There will be 3 training sessions per week for 4 weeks and each training session will be 18-27 min. During
each training session you will be asked about your psychological perceptions in response to the 1st, middle,
and last sprint bout. In addition, after the 1st and last training session each week you will be asked to
complete a psychological questionnaire that will measure your perceptions, intentions, and enjoyment of
exercise.

POTENTIAL RISKS AND DISCOMFORTS
There is a possibility of mild muscle soreness and/or fatigue typical of an exercise session. You may feel
some discomfort (light headedness, nausea, sore muscles) due to the intensity of the training testing typical
of strenuous physical exertion. Close monitoring of participants throughout the duration of the 𝑉̇O2max test
will limit this risk to ensure the test proceeds in a safe manner and will be immediately terminated should
you display any signs of distress or upon your request. Risk of falling during the test will be limited as two
researchers will always be present during testing (#5).

POTENTIAL BENEFITS TO SUBJECTS AND/OR SOCIETY
The potential benefits of your participation in this study include an improvement in your exercise capacity
using a novel, time-efficient training modality as well gain a better understanding of your cardiorespiratory
fitness. Results from this study will further our understanding of high-intensity interval training as well as
minimal dose of exercise needed to increase fitness and performance.

CONFIDENTIALITY
All information obtained in connection with this study will be de-identified. All contact information is
collected and stored on a master list in a password-protected file with access to only the study
investigators. All participants will be assigned an arbitrary number to ensure anonymity. This study
number will be used in all data collection files and mean data will be stored in a password protected file
for comparison with future studies. Upon potential publication, that publication may request including
raw data into an open access database. It is possible that data related to your participation (VO2max results,
time trial results, sprint times) and basic demographic or anthropometric data (height, weight, age) will be
submitted to an open access database upon publication. This data will be completely anonymized, such
that there is no way of identifying an individual based on given results and demographic/anthropometric
data.
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PARTICIPATION AND WITHDRAWAL
Your participation in this research study is completely voluntary. If you are a student and volunteer to be
in this study, you may withdraw at any time without any effect on your status at Wilfrid Laurier
University. If you are not a student, you may withdraw at any time. You may also refuse to answer any
questions you feel are inappropriate and still remain in the study. The investigators may withdraw you
from this research if circumstances arise which warrant doing so.

FEEDBACK OF THE RESULTS OF THIS STUDY
If you would like a copy of a lay summary of the results please check the box below and include the
preferred address for communication (i.e. email or mailing address). The results from this study will be
reported in general terms in the form of speech or writing that may be represented in manuscripts
submitted for publication in scientific journals, or oral and/or poster presentations at scientific meetings,
seminars, and/or conferences. We plan to publish this study in an academic journal. The information
published in a journal or subsequent studies will not identify you in any way. Copies will be available
upon request.

SUBSEQUENT USE OF DATA
This de-identified data may be used in subsequent studies, and will be retained for 5 years (#7d). You
will receive a copy of the consent form after it has been signed and do not waive any legal rights by
signing it.
-----------------------------------------------------------------------------------------------------------This project has been reviewed and approved by the REB (#5875)
This letter is yours to keep. If you have any questions about this research project feel free to call:
Dr. Tom Hazell 519-884-1970 x3048

Further, if you have any questions about the conduct of this study or your rights as a research subject you
may contact Dr. Jayne Kalmar, Chair, University Research Ethics Board (REB), Wilfrid Laurier
University, (519) 884-0710 x3131 or REBChair@wlu.ca.

Sincerely,
Kyle Schulhauser, Seth McCarthy, Daniel Grisebach (MKin students), Curtis Todd (BKin student), Dr.
Mark Eys (meys@wlu.ca), Dr. Jennifer Robertson-Wilson (jrobertson-wilson@wlu.ca),
and Dr. Tom Hazell (thazell@wlu.ca) (#7e)
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Consent Statement

Principal Investigators: Dr. Tom Hazell

I have read the accompanying “Letter of Information” and have had the nature of the study and
procedures to be used explained to me. All of my questions have been answered to my satisfaction.

By signing below, I agree to participate in this study

NAME (please print):

SIGNATURE:

DATE:

______________________________________

______________________________________

______________________________________

NAME OF PERSON OBTAINING INFORMED CONSENT (please print):

______________________________________

SIGNATURE OF PERSON OBTAINING INFORMED CONSENT:

______________________________________

DATE:

______________________________________

73

Appendix III – Physical Activity Readiness Questionnaire for Everyone+ (PAR-Q+)
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Appendix IV – Godin Leisure-Time Exercise Questionnaire
Godin Leisure-Time Exercise Questionnaire
1. During a typical 7-Day period (a week), how many times on the average do you do the following kinds

of exercise for more than 15 minutes during your free time (write on each line the appropriate
number).
Times Per
Week
a) STRENUOUS EXERCISE
(HEART BEATS RAPIDLY)

__________

(e.g., running, jogging, hockey, football, soccer,
squash, basketball, cross country skiing, judo,
roller skating, vigorous swimming, vigorous long
distance bicycling)

b) MODERATE EXERCISE
(NOT EXHAUSTING)

__________

(e.g., fast walking, baseball, tennis, easy bicycling,
volleyball, badminton, easy swimming, alpine skiing,
popular and folk dancing)

c) MILD EXERCISE
(MINIMAL EFFORT)
(e.g., yoga, archery, fishing from river bank, bowling,

__________
horseshoes,

golf, snow-mobiling, easy walking)

2. During a typical 7-Day period (a week), in your leisure time, how often do you engage in any regular

activity long enough to work up a sweat (heart beats rapidly)?

OFTEN

SOMETIMES

1.

2.

NEVER/RARELY
3.
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